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Question 1 (10 marks) 
































A unit step input, u(t) = 0 for t<0 and u(t) = 1 for t≥0, is applied to the open loop system 
G(s). Determine the value of c(t) for t approaching ∞. Determine the steady state error 
in [%] of the open loop system. 
 
Question 1.2 
Determine the time for which the output c(t) = 0.9 for the step input mentioned in 
Question 1.1 and the system G(s). Sketch the response of the open loop system G(s) 
to an input u(t) = 0 for t < 0 [s] and u(t) = 1 for t ≥ 0 [s]. Indicate in the sketch the final 
value of c(t) for t approaching ∞ and the value of t for which c(t) = 1. 
 
Question 1.3 
Draw a block diagram of the closed loop system with r(s) as input and c(s) as output. 
Label the blocks and arrows appropriately. 
 
Question 1.4 
Determine the maximum phase shift φm in [deg] that is obtained from the compensator 
with γ = 20 and the frequency ωm in [rad/s] at which φm occurs. What type of 
compensator is this? Explain your answer. 
 
Question 1.5 
Sketch the polar plot of the compensator with γ = 20 for ω = 0 up to ω = +∞. 
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Question 2 (8 marks) 
A linear open loop system can be described by a second order system (without any 






= . Furthermore, it is given that the 
damping coefficient ζ = 1. A unit step response of the open loop system is shown 
below. 
 

















Determine the transfer function of the open loop second order system. 
 
Question 2.2 
Determine whether the first method or the second method of the Ziegler Nichols tuning 
rules should be applied to tune a PID controller for this system. Explain your answer. 
 
Question 2.3 
Determine the Kp, Ti and Td of a PID controller according to the Ziegler Nichols tuning 






= of the PID controller. 
 
Question 2.4 
The PID controller determined in Question 2.3 is applied to the system in practice. The 
following is observed when a step input is applied as reference signal:  
1) the output settles around the reference signal 
2) there is a significant amount of high frequency noise on the output signal of the 
system, c(t) 
3) the output signal of the PID controller, u(t), also has a significant amount of high 
frequency noise. 
Suggest what should be changed to the controller to maintain the property mentioned in 
1) and to limit the amount of high frequency noise on c(t) and u(t) mentioned in 2) and 
3). Give the transfer function of the controller that will achieve this. What else could be 
changed in the control system to reduce the amount of noise on u(t) and c(t)? 
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Question 3 (4 marks) 
A pole-zero plot of a system is shown in the plot below. The static gain of this system 






















Determine the transfer function of this system. 
 
Question 3.2 
An input signal u(t) = 0 for t < 0 and u(t) = - 0.5 for t ≥ 0 is applied to the system. Derive 




Question 4 (4 marks) 









At t = 0 an input signal x(t) = 2sin(t + 5π) is applied to this system.  
 
Question 4.1 
Determine the static gain (magnitude at ω = 0 [rad/s]) of the system G(s). 
 
Question 4.2 
Determine what the amplitude of the output signal will be after a considerable time  
(t > 10000 [s])? 
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Question 5 (4 marks) 
A system with transfer function G(s) has two poles and no zeros. The poles are located 
at − + ⋅1
1
2
3 j and − − ⋅1
1
2
3 j. The static gain (magnitude at ω = 0 [rad/s]) of the 
system is 20 dB.  
 
Question 5.1 








Question 6 (2 marks) 
Consider the following characteristic equation: 
 
 




Question 7 (2 marks) 




Determine the value of the gain K such that the phase margin is 50°. What is the gain 




Question 8 (2 marks) 
Consider the closed-loop system shown in Fig. 1. G(s) has no poles in the right-half s plane. If 
the Nyquist plot of G(s) is as shown in Fig. 2(a), is this system stable? Why? If the Nyquist plot is 




                   
                  Fig. 1 Closed-loop system.                                (a)                                          (b) 
                                                                                                                     Fig. 2 Nyquist plots. 
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